High Reliable Reference Current Generator for MRAM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a reference current 

generator for a magnetic random access memory, and 
particularly, to a reference current generator capable of 
generating a precise and a reliable reference midpoint 
current signal. 

10 

2. Description of the Prior Art 

The magnetic random access memory (MRAM) has the 
advantages of non- volatility , high density, high speed for 
reading and writing, anti-radiation and so on. When reading 

15 the data of the memory, there must be provided a current 
source or voltage source to be flowed into the selected 
magnetic tunnel junction (MTJ) for reading the difference 
of the magneto-resistance value so as to determine the digit 
value for the data. When writing the data into the memory, 

20 the typical method is to use two electrical streamlines (bit 
line and write word line) to induce the position of the MTJ 
selected by the biaxial magnetic field so as to change the 
direction of magnetization of the magnetic tunnel junction 
and change its data state. Fig.l is a perspective diagram of 
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a prior art magnetic random access memory. The MTJ 
between the bit line and the write word line is a 
multi-layered magnetic material with stacked structure. 
Basically, the structure comprises a soft magnetic layer, a 
5 nonmagnetic conductor layer or a tunnel barrier layer, and 
a hard magnetic layer. By judging the parallel or 
non-parallel for the direction of magnetization of the two 
magnetic layers, "1" or "0" state of the memory can be 
determined. Now in the main structure of the MRAM, the 

10 memory cell is composed of IT and 1MTJ and called as 
1T1MTJ structure. The size of the memory cell is about 20 
F 2 (F is the characteristic size of the technology node). 
Fig. 2 is a perspective diagram of the 1T1MTJ structure of 
the prior art magnetic random access memory. The plurality 

15 of the write word lines 11 and bit lines 13 are mutually 
perpendicular and crosses, and among them, a plurality of 
magnetic tunnel junctions 10 and a plurality of transistors 
15 are interlaced. Furthermore, the prior art technology 
provides the structures with different resistance 

20 characteristics to be in parallel connection so as to largely 
reduce the memory bit size. 

The magnetic random access memory cell comprises a 
plurality of magnetic tunnel junctions with 
magneto-resistance effect, such as giant magneto resistance 
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(GMR) effect or tunneling magneto resistance (TMR) effect 
for writing in and reading out the data state. In order to 
judge the logic state of the data memory, there is a need to 
provide a reference generator for generating a reference 
5 signal to be compared with the memory data. As the size of 
the MTJ reduces, the difference of signals for sensing the 
memory cell gradually reduces, and since the 
non-uniformity of manufacturing factors causes the 
characteristic of the MRAM array MTJ different from each 

10 other, there is a possibility that error occurs in the reading 
of the memory data. Take the 1T2MTJ structure for example, 
which uses two magnetic tunnel junctions with different 
resistance characteristics and one transistor, to form the 
memory reading mechanism with 4-states needs a signal 

15 generator capable of providing three reference signals for 
judging the logical value of the data. Similarly, take the 
1T3MTJ structure for example, which uses three magnetic 
tunnel junctions with different resistance characteristics 
and one transistor, to form the memory reading mechanism 

20 with 8-states needs a signal generator for providing seven 
reference signals so as to judge the logical value of the 
data. 

Fig.3A is a perspective diagram of the selection for 
the prior art midpoint resistance value, and Fig.3B is a 
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perspective diagram of structure of the prior art midpoint 
resistance reference cell. The prior art 1T1MTJ structure 
applies a midpoint resistance reference generator. The 
midpoint resistance value R m id is the equivalent value 
5 obtained by mutually connecting the maximum resistance 
value (R max ) 10 and the minimum resistance value (R m i n ) 
10' in the memory cell in series and then in parallel. 
However, because the voltage drops of the MTJ element in 
the reference cell and in the memory cell are different, the 

10 reference signals generated by using this method will be 
deviated. As the size of the MTJ continuously reduces, the 
noise margin will shrink so as to cause the data 
misjudgment. Furthermore, the method for serial/parallel 
connection requires complicated wiring and mask layout, 

15 and when it is applied in the 1T2MTJ structure, especially 
the 1T3MTJ structure and more, the size of the reference 
generator will become enormous. 



SUMMARY OF THE INVENTION 
20 In order to resolve the drawbacks of the prior art, the 

present invention applies a simplified reference current 
generator for a magnetic random access memory to generate 
a reference midpoint current signal to be compared with the 
memory data in the magnetic random access memory so as 
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to resolve the misjudgment caused by the non-uniformity 
between the magnetic tunnel junctions due to the 
manufacture factors. Furthermore, by connecting more than 
two sets of reference current generators in parallel, the 
5 deviations or faults of the magnetic tunnel junctions in the 
generator will be corrected so as to provide the more 
accurate reference signals. The reference generator 
according to the present invention is positioned in the 
vicinity of the memory cells of the magnetic random access 

10 memory, and applies reference elements which are the same 
as the magnetic tunnel junctions of the memory cells and 
bear the same cross voltages. Therefore, the reference 
signal will not be deviated by the bias dependence effect of 
the magnetic tunnel junction (MTJ) in the magnetic memory. 

15 The plurality reference elements are used for forming the 
reference current generator by applying one or several bit 
lines, and the voltage which is the same as the voltage of 
the memory cell is crossly connected to the reference 
elements so as to generate a plurality of current signals; 

20 and a peripheral IC circuit is used for dividing the plurality 
of current signals into half the reference signals so as to 
obtain a plurality of midpoint current reference signals. 
The midpoint current reference values are provided to the 
multiple-states memory cells, such as the 2-states, 4-states, 
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and 8-states memory cells, for reading data. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are incorporated in 
5 and form part of the specification in which like numerals 
designate like parts, illustrate preferred embodiments of 
the present invention and together with the description, 
serve to explain the principles of the invention. In the 
drawings : 

10 Fig. 1 is a perspective diagram of a prior art magnetic 

random access memory; 

Fig. 2 is a perspective diagram of 1T1MTJ structure of 
the prior art magnetic random access memory; 

Fig.3A is a perspective diagram of the selection for 
15 the prior art midpoint resistance value; 

Fig.3B is a perspective diagram of structure of the 
prior art midpoint resistance reference cell; 

Fig. 4 is a perspective diagram of the circuit of a 
reference current generator according to the present 
20 invention; 

Fig. 5 is a perspective diagram of the parallel 
connection circuit of a reference current generator; 

Fig. 6 is a perspective diagram of the combination of a 
4-states memory cell and the reference current generator in 
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Fig. 5; 

Fig. 7 is a perspective diagram of a reference current 
generator according to another embodiment of the present 
invention; and 

5 Fig. 8 is a perspective diagram of a reference current 

generator combined by connecting two reference current 
generators in Fig. 7 in parallel. 



DETAILED DESCRIPTION OF THE PREFERRED 

10 EMBODIMENT 

Please refer to Fig. 4. Fig. 4 is a perspective diagram of 
the circuit of a reference current generator according to the 
present invention. The plurality of 1T2MTJ structures 
(2MTJ are two magnetic tunnel junction 40 and 40' with 

15 different resistance characteristics Rl, R2, and IT is a 
transistor 42) apply a plurality of bit lines 41, and a 
plurality of write word lines 43 to be interlaced so as to 
form a reference current generator 400 with 4-states 
memory cell having four memory states Rimax//R2max, 

20 Rlmax//R2min, R 1 m i n //&2 ma x and R 1 min//R2min • The first 

memory cell 401 is composed of magnetic tunnel junction 
40, 40' with different resistance characteristic Ri, R 2 and 
one transistor 42 so as to form 1T2MTJ structure. The 
transistor 42 is used for controlling the reading switch of 
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the MTJ. The first memory cell 401 is preset with Ri max 
MTJ 40 and R 2 m a x MTJ 40' and generates current value 111. 
Similarly, the second memory cell 402 is preset with Ri max 
MTJ 40 and R 2 mi n MTJ 40', and generates current value 1 1 o • 
5 Therefore, the four magnetic tunnel junctions 40, 40' on 
the most left bit line 41 of the 4-states reference cells 
generate the first reference current signal (In+Iio). 
Similarly, the third memory cell 403 is preset with Ri m i n 
MTJ 40 and R2max MTJ 40' and generates the current value 

10 Ioi . Therefore, the four magnetic tunnel junctions 40, 40' 
on the middle bit line 41 generate the second reference 
current signal (Iio+Ioi)- Furthermore, the fourth memory 
cell 404 is preset with Ri min MTJ 40 and R 2m in MTJ 40' and 
generates the current value I 0 o. Therefore, the four 

15 magnetic tunnel junctions 40, 40' on the most right bit line 
41 generate the third reference current signal (Ioi+Ioo)- 
Because the magnetic tunnel junctions 40, 40' in the 
reference generator bear the same voltages as the MTJs in 
the main memory, they have the same magnetic resistance 

20 and bias dependence as the MTJs. The above three 
reference current signals (Iu+Iio), (Iio + Ioi) and (Ioi + Iqo) 
are transmitted to the peripheral read-out circuit (not 
shown) and then divided by 2 so as to obtain three midpoint 
current reference signals, (I n +I l0 )/2, (Iio + Ioi)/2 and 
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(Ioi+Ioo)/2. Because the peripheral read-out circuit is made 
by conventional IC manufacture process, it is very precise, 
and the reference midpoint current signals generated by this 
method is compared with the sensing signal of the memory 
5 cell so as to obtain the more accurate judgment data. 

Please refer to Fig. 5. Fig. 5 is a perspective diagram of 
the parallel connection circuit of a reference current 
generator 500 according to the present invention. The bit 
lines 5 1,52,53 are used for connecting two 4-states 

10 reference current generators 400 of Fig. 4 in parallel so as 
to generate the accumulated reference current to be sent to 
the peripheral read-out circuit. The circuit will divide the 
reference current value by 4 so as to obtain a more precise 
reference midpoint current signal. The two reference 

15 current generators 400, 400 commonly use the first bit line 
51 and so as to generate the current value 2x(In + Iio), an< 3 
further commonly use the second bit line 52 so as to 
generate the current value 2x(Iio + Ioi), and the third bit 
line 53 generate the current value 2 x (Ioi+Ioo). The 

20 peripheral circuit divide the current value 2 x(Im+Iio) 
generated by the first bit line 51 by 4 so as to generate a 
precise midpoint current value (In+Iio)/2. By applying this 
method, the average value of the magnetic tunnel junction 
signal in the reference current generator can be obtained so 
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as to eliminate the shift of the reference signal caused by 
the deviation or fault of the magnetic tunnel junction in the 
reference generator. Therefore, the bit error rate of the 
memory data can be decreased. Similarly, by connecting N 
5 reference generators 400 in parallel, one bit line generates 
the current value N(In+I 10 ) to be transmitted to the 
peripheral read-out circuit. The circuit will divide the 
current value by 2N so as to obtain the accurate, highly 
reliable reference midpoint current signal. 

10 Fig. 6 is a perspective diagram of the combination of a 

4-states memory array 600 and the reference current 
generator 500 in Fig. 5. The memory cell 601 of the memory 
array 600 comprises magnetic tunnel junctions 60, 60' with 
different resistance characteristics (Ri, R2). When the same 

15 voltages are crossly connected, the current signals In, Ii 0 , 
I01 or loo will be possibly generated. The reference current 
generator 500 according to the present invention is 
positioned in the vicinity of the memory array 600. One of 
the four current signals In, I10, I01 and loo generated by the 

20 memory array 600 and the three current signals generated 
by the reference current generator 500 are simultaneously 
transmitted into the sense amplifier (namely, the peripheral 
reading circuit) 65 so as to generate three midpoint current 
reference values (In + Iio)/2, (Ii 0 + Ioi)/2 and (I 0 i + Ioo)/2. The 
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four data states of memory cells 601 are distinguished by 
the three midpoint current reference signals so as to obtain 
the logic states of the magnetic tunnel junction 60, 60'. 

Fig. 7 is a perspective diagram of a reference current 
5 generator 700 according to another embodiment of the 
present invention. The 2-states memory cell with 1T1MTJ 
structure is the embodiment. The first MTJ 71 and second 
MTJ 72 are preset with two resistance values, (R ma x, Rmin) 
and are separately crossly connected to the two write word 
10 lines 73, and the voltage the same as that used by the MTJ 
of the memory array 900 is crossly connected on them so as 
to generate the current I m ax+I min to be transmitted to the 
sense amplifier 75 via the bit line 74 so as to generate the 
reference midpoint current signal. The reference midpoint 
15 current signal is compared with the sensing current signal 
transmitted by the memory array 900 so as to avoid the 
deviation of the reference signal caused by the bias 
dependence of the magnetic tunnel junction. 

Fig. 8 is a perspective diagram of a reference current 
20 generator 800 combined by connecting two reference 
current generators 700 in Fig. 7 in parallel. The memory 
cell is preset with a first MTJ 82 and a second MTJ 83 
having resistance states R max and R mi „., respectively. 
Similarly, the voltage the same as that of the memory array 
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900 is crossly connected on the memory cell so as to 
generate the current 2 x(I ma x + Imin) to be transmitted into 
the sense amplifier 75 via the commonly-used bit line 81. 
Therefore, the accurate reference midpoint current value is 
5 generated and then compared with the memory data of the 
memory array 900. By using the bit line 81, the N reference 
current generators are connected in parallel so as to 
generate the current value N(I max + I min ) to be transmitted to 
the sense amplifier 75. The current value N(I ma x + Imin) is 

10 divided by 2N so as to generate the more accurate reference 
midpoint current signal (I m ax + Imin)/2 . Therefore, the shift 
of the reference signal caused by the deviation or fault of 
the magnetic tunnel junction in the reference current 
generator can be avoided. 

15 In summary, the reference current generator according 

to the present invention apply magnetic tunnel junctions 
which are the same as a plurality of memory cells and bear 
the same cross voltages so as to generate reference current 
signals. The conventional IC circuit will divide the 

20 reference current signals by 2 so as to generate the precise 
midpoint current reference signal to be compared with the 
sensing current of the memory array. Furthermore, by 
connecting several reference current generators in parallel, 
the deviation of fault effects of the reference current 
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generator can be so eliminated that the reference signal can 
be more accurate and then the misjudgment of the memory 
data can be avoided. The reference current generator 
according to the present invention can be provided to the 
5 multiple-states memory cell, such as 2-states, 4-states and 
8-states memory cells for reading data. 

Those skilled in the art will readily observe that 
numerous modifications and alterations of the device may 
be made while retaining the teachings of the invention. 
10 Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 
claims. 



